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1.  INTRODUCTION 


This  workshop  represents  the  fourth  of  a  series  of  intensive  academic/ 
government  interactions  in  the  field  of  advanced  electro-optics,  as  part  of  the 
Army  sponsored  University  Research  Initiative.  By  documenting  the 
associated  technology  status  and  dialogue  it  is  hoped  that  this  baseline  will 
serve  all  interested  parties  towards  providing  a  solution  to  high  priority  Army 
requirements.  Responsible  for  program  and  program  execution  are 
Dr.  Nicholas  George,  University  of  Rochester  (ARO-URi)  and  Dr.  Rudy  Buser, 
NVEOC. 


2.  SUMMARY  AND  FOLLOW-UP  ACTIONS 


a.  IR  Light  Scatterer; 

Based  upon  viewgraphs  provided  by  J.  Miller  and  subsequent  discussions,  we 
will  consider  liquid  crystal  and  other  technologies  which  might  have  the 
required  performance.  We  will  discuss  our  concepts  further  with  him  to 
define,  if  possible  some  activity  which  we  might  jointly  pursue  (within  our 
resource  base)  to  construct  and  characterize  an  alternative  device  concept. 

b.  Optical  Power  Limiter; 

Perhaps  Night  Vision  and  Electro-Optic  Center  wants  to  organize  a  more 
narrowly  defined  meeting  to  address  their  specific  needs  compared  to 
objectives  already  being  pursued  by  the  NADC  and  the  BAA.  We  would  be 
happy  to  help  organize  and  participate  in  such  a  meeting. 

c.  Holographic  Photopolymer; 

We  will  obtain  more  information  from  Dr.  Thomas  Stone  (U  of  R)  to  see  if 
there  is  some  input  we  can  make  to  the  doping  of  liquid  crystals  into  porous 
polymer  films.  Mark  Norton  (NV&EOC)  has  an  interest  m  this. 
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A  DOZEN  LIQUID  CRYSTAL  DEVICE  CONCEPTS 


A  Dozen  Liquid-Crystal  Device  Concepts 
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True  Zero-Order  Wave  Plates 
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Aperture  limits  nor 


Circular  Polarizer  for  Pockets'  Cell,  E-0  Switching 
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Liquid-Crystal  Mirror 
Laser  Resonator  Configuration 
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rison  of  CLC  Resonator 
Dielectric  Resonator 


LIQUID-CRYSTAL  LASER-BLOCKING  FILTER 


WAVELENGTH 


Radiation  Attenuator 


Two-Position  Bistabie  Beam  Deflection  Device  Using  fTIR 
in  Ferroelectric  Chiral  Smectic  C  Mesogens 


(a)  Incident  radiation  experiences  n^,  allowing  TIR.  (b)  Reversal  of  field 
polarity  causes  Incident  radiation  to  experience  ne,  resulting  In  fTIR. 


Ferroelectric  Liquid-Crystal  Shutter/Chopper 
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optical  Power  Limiter  Geometries 


Polymer-Dispersed  Liquid  Crystals 
Induced  Light  Scattering 


United  States  Patent  [it]  tm  Patent  Number.  4,556^89 

Pergaton  Date  of  Patent:  Dec.  3, 1985 

(S4]  LOW  BIREFRINGENCE 

ENCAPSULATED  LIQUID  CRYSTAL 
AND  OPTICAL  SHUTTER  USING 
SAME 

ITS]  ln«««ilor  J«niM  L  FargMon,  Kant,  OH 


liquid-crystal  microdroplet 


incident  rays 


scattered  rays 

^(Hp  9^  n,) 


incident  rays 


transmitted  rays 
(np  no) 


applied  electric  field 

From  N.  A.  Vax  and  G.  P.  Montgomery,  Jr., 
J.  Appl.  Phy$.  62,  3161  (1987). 


CLEO 

TUESDAY,  26  APRIL  1988 
Anaheim  Convention  Center 

TuT,  Light  Manipulation  with 
New  Materials 
4:30  PM 

TuTI  Observation  of  Optical 
Limiting  Using  Polymer- 
Dispersed  Liquid-Crystal  Thin 
Films, 

David  M.  Pepper,  J.  David 
Margerum,  Anna  M.  Lackner, 
Elena  Ramos,  Hughes  Research 
Laboratories.  Optical  limiting 
using  polymer-dispersed  liquid 
crystals  is  demonstrated.  These 
heterogeneous  mixtures  are 
index  matched  at  low  intensities, 
and  behave  as  diffuse  scatterers 
in  the  nonlinear  regime  due  to 
optical  reorientation  of  the 
liquid-crystal  dispersant. 


i 

i 

I 

I 

I 

I 

! 

! 

! 


CENTER  FOR  OPTO-ELECTRONIC  SYSTEMS  RESEARCH 
NONLINEAR  OPTICS  AND  LASER  DAMAGE  RESISTANCE  OF  LIQUID  CRYSTALS 
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Result:  Field-driven  molecular  reorientation 
(Freedericksz  effect) 


Mechanism  of  Orientational  Optical  Nonlinearity 

in  Liquid  Crystals 
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The  Dynamics  of  the  Freedericksz  Transition  Is  Driven  by 


c 

0)  Q) 

11^ 

is<S 

j>  <S- 

!s  ®  iS 

£S  « 

Set" 

>.  ou 

V 's  I 
•D  <0  S 

«■§- 
n£-I 
•  2 

u  (!) 

IS 

^  (w 


Q. 


a> 

CO 


UR 


)  c 

-  <U 
C  Q. 

I  5 

oi 

1  £ 
J  o 
J. 
O  >, 


—  o 

o  ‘I' 

^  E 

-  (/) 

lO 


1 

J 

’•  •■  «  'V 

■  "  •  i 

;  /  ' ’  :  <  ■.  .  1 

1  iv;'  ,p  1  i.  , 

<--■  '*.  1 

r-'  e'.--  -'- 

-  •'■■,•  1 
■  •  '  ■  '  ■  3 

1  X  -  '  ‘  *..  - 

1  ’••'■-  •  .  *■ .' 

[.■■  /  ' 

V  " 

G2318 


Delocalized  Orbitals  in  Aromatic  Systems 


Electronic  Molecular  Hyperpolarizability  Is  Strongly 
Enhanced  by  rr-Electron  Delocalization 
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Fully  Saturated  Electron  System  Raises  1053-nm  Damage 
Threshold  in  Liquid  Crystals 


G2247 


Reduced  Conjugation  Volume  Density  Improves  Laser  Damage 
Threshold  In  Chiral  Nematic  Polymer 


Summary 
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CENTER  FOR  OPTO-ELECTRONIC  SYSTEMS  RESEARCH 
FERROELECTRIC  LIQUID  CRYSTALS 
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Ferroelectric  Liquid  Crystals 
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Structures  in  Smectic  Class 


Smectic  A 


Smectic  C 


short-range 
hexagonal  order 
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no  long-range 
correlations 
between  layers 


Smectics  I  and  F 
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Chiral  Smectic  C 
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Chiral  Centers  Cause  Spontaneous  Formation  of 
Permanent  Dipoles  by  Reducing  Molecular  Symmetry 


5217  (1986). 


Chiral  Smectic  Liquid  Crystals  Must  be  Untwisted 
to  Show  Ferroelectric  Properties 


net  average  dipole  moment  =  0  nonzero  average  dipole 

no  bulk  ferroelectric  properties.  ferroelectric  properties  exhibited. 


Unwinding  of  the  Chirai  Smectic  C  Helix 
Surface  Forces  and  Thin  Cell  Spacing 


molecular  tilt  angle  within  layer 
angle  of  tilt  of  molecule  off  surface  (splay) 


G1937 


Director  Reorientation  in  the  SSFLC  Device 


Typical  values  for  6  are  between  22.5°  and  45 
(material  dependent) 


Response  Time  (/us) 


Electro-Optic  Response  of  SSFLC  Device 
(1.5-Mm  thick)  Using  HOBACPC 


^  Calculated  value  for  an  infinite  pitch 
ferroelectric  C  in  the  high  field  limit. 


N.  Clark  and  S.  Lagerwall,  Recent  Developments  in 
Condensed  Matter  Physics  4,  317  (1981). 
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Bistable  Switching  in  Thin  Ferroelectric  Liquid-Crystal  Cell 
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<  CD 


J.  Patel,  Appl.  Phys.  Lett.  1278  (1985). 


Materials  Considerations 
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Chiral  Smectic  C  Mesogens 
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Recent  Materials  Advances 
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SURVEY  OF  COMMERCIALLY  AVAILABLE  CHIRAL  SMECTIC  C  MESOGENS 
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Electroclinic  (“Soft  Mode”)  Effect  -  Optical  Response 


Lagerwall  ef  al..  Mol.  Cryat.  LIq.  Cryat  152.  503-587  (1987). 
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.  1.1.2.  The  chotcsierk  tkiuid  cryelel:  ichcmtiic  reprcscmaiioA  of 
helical  cirtKiurc. 


Hexagonal  close-packed  molecules  in  the  smectic  O  phase 


Timpekatum  IhrmvALS  or  Visblc  Spectrum  of  Selective  Refuction 
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1,  eholesteryl  alkanoates;  11,  S'-cholesteryl  alkanethioates:  III.  cholesteryl  <u-phenylaIkanoates;  IV,  5-cholesteryl  cu-phenylalkanethioates; 
V,  cholesteryl  alkyl  carbonates;  VI,  cholesteryl  S'-alkyl  Ihiocarbonaies;  Vll.  5-cholesteryl  alkyl  thiocarbonates;  XIV,  Siz-cholestan-3^>yl 
alkanoates;  XV,  5«-cholestan-3/l-yl  <i>-phenylalkanoates;  XVI,  Sa-cholcstan-S/l-yl  alkyl  carbonates;  XVH,  Sa-cho)estan-3/l-yl  5-alkyl  thio¬ 
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*)  dtiys  niter  h'I  I  (cf.  inhic  IXl.  lUvprmlitccd  front  r.nnuiai  ft  ri/.,  Afo/.  Crytt.  Crysi, 
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Fig.  24.  Wavelength  of  maximum  selective  reflection  as  a  function  of  temperature. 
MaienaU :  5<hoicsieryi  ct^'phenylaikanethioates. 


cumoric  otscoitc 


CENTER  FOR  NIGHT  VISION  AND  ELECTRO-OPTICS 
CURRENT  LIQUID  CRYSTAL  RESEARCH  SPONSORED  BY  NVEOC 


Crystals  in  R&D  Tasks 


00 


0} 

c 

111  (0 
w 
0) 

0)  o 

k.  o 
o  o 

>? 


*-  C8  CO 
O  k-  ^ 

CO  _Q  O 

®  o  s 

£  «  O 

O  . 

nr  Q 

u-  CO  “ 

^  O  • 

O  -  CO 

>  ^  -T 

—  CO 

CO  f 

^  o  01 

©  j: 

>  ®  « 

=  3  2 


I-  -  ^ 


O 

o 

.  © 
w 

2  § 
©  CO 
£  © 
CO  ® 
—  © 
©  LL 
O 

9mm  * 

a 

O  -i 


o  u 

JO  © 
© 

s 

!i 

©  w 


<»  © 

oc 

3 

w  > 

©  > 

O)  h- 
3 

X  CO 


o 

—  CO 
©  . 

5  © 

>  3 
©  <0 
C  > 

O  J=  . 
X  Q.  CO 


Jenekhe  and  coworkers 


r 


0) 

o 

o 

o 

o 

■o 

c 

OS 

O  (D 
3  = 

•-  o 

«  Q 

c 

I  ^ 

<0 

0) 

k.  a> 

O  ® 


3  < 


tfi 

w 

® 

> 

C 

3 

O 

o> 

®  c 

—• 

“  o 

II 

CO 

i" 

CO  O 
C  O  o 

«  ©■= 
ft  O)^ 

“*  <D  . 
0=0 
•c  ®  . 

j-  O  — 
I 


(0 

k. 

o 

h. 

o 

o 
.  u 
"O 

^  ■o 

^  c 

-  o 


CO 

■D 


c 
o 

O  CO 


JZ 

CO 


OS 

D> 


—  © 

©  U. 

O  . 
O 

I 


© 

c 

© 

O 


o 

k. 

os 
© 
m 
© 

GC 

■o 

c 

—  © 

© 

«  © 

c  CO  ^ 
O  >.  . 
X  CO  CO 

I 


Lo  and  coworkers 


Nonlinear  Measurements 
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PHASES  OF  MATERIAL 


Nonlinear  Studies  of  Schiff 


Mol.  Cryst.  Liq.  Cryst.  127.  321  (1985) 
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LINE  SCAN  CHOPPER-DESIRED  FEATURES 
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